e effects of the added β-cyclodextrin (β-CD) in the tea infusion extraction on color quality of green tea (Camellia sinensis) infusion have been investigated in detail. Due to the added β-CD, the color of the tea infusion can be brightened effectively, and meanwhile, compared to conventional extraction, the retentions of tea polyphenols, catechins, and chlorophyll have also been proved to be increased greatly. Furthermore, the additive β-CD can also increase the viscosity of the tea infusion. In addition, the existing β-CD can lower the oxygen solubility ratio in tea infusions effectively, from which a high-quality tea infusion can be prepared ready for further processing.
Introduction
Tea beverage is one of the most popular and ancient nonalcoholic drinks in the world. Various phytochemicals in the tea, such as flavonoids, tannins, and catechins, are important daily antioxidants for millions of people and may provide additional health benefits. Regular consumption of green tea may contribute to a reduction in cardiovascular disease and some cancers [1] [2] [3] [4] . Improving the quality of this important beverage is a long-term objective of the agricultural and food industries. After heat extraction through the addition of boiling water, the first step of making tea beverages, characteristics of the tea infusion, such as color, flavor, and taste, can be deteriorated easily due to the improper operations. For more than a decade, lots of researching efforts have been paid on finding a new, suitable extraction technology that can improve the quality of tea [5] [6] [7] [8] .
β-Cyclodextrin (β-CD) is used in many countries and considered to be a safe additive [9] . Recently, β-CD has widely been used during the manufacture of different foods, including green tea beverage [10] . Reports and patents have described how the β-CD benefits the quality of green tea beverage, such as prevention of milk down [11] , prevention of retort odor formation [12] , and inhibition of bitterness and astringency [13] . However, these researches mainly focus on the chemical embedding function of β-CD, and β-CD as the macromolecular compound, will vary the physical properties of the tea infusion systems, such as the color and viscosity, which have never been involved in the past. Here, we have investigated the effects of the additive β-CD on the quality of tea infusion by examining color stability, viscosity, and dissolved oxygen levels.
Materials and Methods

Materials.
Fresh tea leaves were harvested and produced at Anhui Agriculture University. e moisture content of the final tea product was 3.29%. e processed tea leaves were sieved (No. 18, 1 mm), vacuum packaged in polypropylene (PP) plastic bags, and then stored in a 4°C storage room. One day prior to use, bags of tea leaves were removed from the storage room and kept in desiccators at room temperature overnight.
Chemicals and Reagents.
Gallic acid (GA), caffeine (CAF), epicatechin (EC), catechin (C), epigallocatechin gallate (EGCG), epigallocatechin (EGC), and epicatechin gallate (ECG) were obtained commercially from Sigma-Aldrich, USA. Acetonitrile and methanol (chromatographic grade) were purchased from Tedia Company, USA. Ethyl acetate, acetic acid, hydrochloric acid (analytical grade) and other standard chemicals were purchased from Shanghai Chemical Reagent Co., Shanghai, China. β-CD (C42H70O35, MW 1135.00) was from Fluka Chemicals Co., Switzerland. All solutions were prepared with distilled, deionized water.
Preparation of Tea Infusion.
One gram of the tea sample was extracted in 100 mL distilled water at 85°C for 15 min.
e extracted tea infusions were filtered with 0.8 μm cellulose filters. Infusions prepared by conventional extraction were control samples.
e treated samples were prepared by adding 0.05% (w/v) β-CD to 1 g of the tea sample in 100 mL distilled water at 85°C for 15 min. Five samples were prepared for each treatment. Both control infusions and β-CD-treated infusions were stored in glass bottles with lids at 4°C.
Measurement of Color.
e color of tea infusion was measured by CM-3500d L * a * b * spectrophotometer (Konica Minolta Sensing INC.) and calculated as the product of the L * a * b * system. In this system, "L" indicates the lightness of tea infusion; the positive values of "a" indicate redness, and the negative values of "a" indicate greenness; and the positive values of "b" indicate yellowness and the negative values of "b" indicate blueness. Decreases in the value of "L" and increases in the value of "a" and "b" indicate the development of brown color. Data and chromatism figure were recorded by this system's accompanying software.
Analysis of Tea Infusion Main Components.
e concentration of each tea infusion was determined as previously described in [14] . Solids extraction yield (SEY) was calculated from the following equation:
e main components, such as tea polyphenols (TP), tea polysaccharides (TPS), proteins, chlorophylls (CHL), and pectins, were measured according to Tea biochemistry experimental course [15] .
eanine quantitative analysis was determined with HPLC-PDAD (high-performance liquid chromatography-photo diode array detector) as described in [16] . e catechins and caffeine were quantified by HPLC (Waters 600 Controller, USA) through a C18 column (Phenomenex Synergi 4u Fusion-RP80, 4.6 × 250 mm) and eluted at a flow rate of 1.2 ml/min by the mobile phase (1% acetic acid as solvent A, acetonitrile as solvent B) at 25°C. e gradient elution conditions were as follows: from 90% A : 10% B to 87% A : 13% B for the first 20 min and then to 70% A : 30% B from 20 to 40 min. e UV absorbance of the eluent was monitored at 280 nm with Waters 2487 Dual Absorbance Detector running the Millennium 32 software.
Chlorophyll Fluorescence Intensity within Tea Infusion.
Chlorophyll fluorescence intensity within 400 μL of tea infusion was measured by FLUOROLOG-3-TAV (Horiba Jobin Yvon, France). Fluorescence spectra of the chlorophylls were recorded at the speed of 150 nm/s at 341 nm excitation wavelength.
Viscosity Measurements.
Viscosity of the tea infusions was made using a coaxial cylinder viscometer NDJ-5 and Ubbelohde viscometer (Shanghai Glass Co., Shanghai, China). All experiments were conducted at ambient temperature (20°C) using a thermostatic bath (Rheometrics Inc. Shanghai, China).
Dissolved Oxygen Measurements.
After 2 mL tea infusion was dropped into a special cell and sealed, the dissolved oxygen was measured according to the handbook of Hansatech Oxylab (Hansatech Co. USA) at 20°C. Zero oxygen signals were proofed and established by the addition of 200 μl distilled water saturated with sodium sulfite to the cell.
Statistical Analysis.
Analyses of soluble solid content, color, and turbidity were run in triplicate and averaged. Statistical analysis was carried out using Duncan's multiplerange test. Significance of difference was defined at P < 0.05.
Results and Discussion
Color of Tea Infusion.
In order to compare physical characteristics of tea infusions processed with or without β-CD treatment, the color of infusions was measured using a spectrophotometer over a period of 20 days. Initially, the "L," "a," and "b" values of the tea infusions made via the two extraction methods were not significantly different (Table 1) .
Both tea extracts were clear and greenish yellow, due to the high content of chlorophylls in the infusions, as shown in Table 1 . However, as storage progressed, tea infusions containing β-CD demonstrated better color-staying ability. For example, the lightness "L" value remained high, at 72.1 ± 4.6 in the β-CD tea, while it dropped to 60.3 ± 3.3 in the conventionally brewed tea after 20 days. is increase in lightness is likely due to the ability of cyclodextrins to form inclusion complexes with many organic substances and enhance solubility in water [17] . Likewise, the greenness values (−a) were similar right after extraction but became dissimilar over time during storage. e "a" value remained low at 4.5 ± 1.0 in the β-CD-containing tea but rose to 14.4 ± 3.2 in the untreated tea at the 20 th day. As reported, β-CD forms inclusions with chlorophylls since the β-CDchlorophyll inclusion stabilizes and improves the solubility of chlorophyll in aqueous solutions [18] .
e color of the β-CD-containing tea infusion remained greener than that of the conventional extraction. Also, the color of the tea infusions made by β-CD-assisted extraction had lower amounts of red and brown colors (B) during storage ( Figure 1) . However, since the color of tea infusion is a ected by many factors, such as content and stability of carotenoids, anthocyanins, and avanols [19] , and their interactions, the mechanism through which β-CD a ects the color of green tea requires additional investigation.
E ect of β-CD on Chemical Composition in Tea Infusion.
Tea infusion concentration and chemical composition were determined both in control and in β-CD-treated infusions. In the control samples, made using the conventional extraction method, the SEY was 498.4 ± 1.0 g/kg. e additive β-CD resulted in an SEY of 496.3 ± 1.1 g/kg (Table 2) . ese results were not signi cantly di erent (at P 0.05) and indicated that the total solid extraction yield was not a ected by the additive of β-CD.
Polyphenols, amino acids, and ca eine are the main components of tea infusions and determine the taste and color of tea beverages. Biochemical analyses showed that the content of tea polyphenols, catechins, and chlorophylls were signi cantly higher in tea infusions extracted with the addition of β-CD than in those of conventionally extracted infusions, despite similar total SEYs. For example, total polyphenols increased from 236.6 ± 12.1 to 252.5 ± 17.8 g/kg and chlorophylls more than doubled from 0.5 ± 0.1 to 1.2 ± 0.6 g/kg (Table 2) . ese results indicated that β-CD could selectively enhance the solubility of certain organic compounds, which was similar to previous results [17, 20] . Also a ected was the content of pectin, which was less in tea infusions with β-CD-assisted extraction than in conventionally extracted infusions (37.1 ± 1.9 vs. 30.5 ± 2 g/kg, Table 2 ).
is result indicated that extraction with β-CD inhibited pectin solubility, which may decrease the formation of tea cream downs. ere were no signi cant changes in other tested compounds between these two infusion procedures.
In several published reports, addition of β-CD has enhanced chlorophyll's light and heat stability [21] . In order to verify the impact of β-CD on the chlorophyll content of tea beverage, we measured the intensity of chlorophyll uorescence in tea infusion at di erent β-CD concentrations (Figure 2) . At 680 nm, the characteristic emission wavelength of the chlorophyll, uorescence intensity of chlorophyll, and β-CD concentration was positively correlated. e intensity of chlorophyll uorescence in tea infusion was signi cantly higher with increasing amounts of β-CD added during the extraction, as compared to control uorescence Journal of Chemistry intensity in the sample with 0.05% β-CD during the extraction is more than double that of the infusion without β-CD, which indicates that β-CD has a signi cant solubilization e ect on chlorophyll. At 2% β-CD, the uorescence intensity further increases.
E ects of β-CD on Viscosity of Tea Infusion.
e viscosity of the tea infusion increased with the addition of low concentrations of β-CD, increasing by 2% with the addition of 0.05% β-CD (Figure 3) . However, the maximal viscosity was obtained at this low concentration, which would be remained constant after 0.05% β-CD. Changes in viscosity were saturated above 0.1% β-CD, which is in agreement with characteristics of macromolecules in a colloidal solution [17] .
According to the theory of colloidal chemistry, at the lower concentrations, particles in the solution interact with β-CD, which increases the viscosity of the solution with increasing β-CD. However, after some point, the interactions-primarily hydrogen bonding-between particles have completely been saturated by β-CD. At this point, additional β-CD has no additional e ect, and the reaction is past concentration dependence. e electrostatic repulsion between the particles was enhanced by β-CD, which keeps the infusion stably dispersed.
E ects of β-CD on Dissolved Oxygen in Tea Infusion.
We compared the dissolved oxygen content in distilled water samples with di erent concentrations of β-CD. Additive β-CD decreased oxygen di usion into distilled water (Figure 4) . It took water samples longer to reach oxygen saturation when β-CD was added. For example, the distlled water samples without β-CD were saturated with oxygen after 1.8 hours, but the distilled water containing 0.05% β-CD would reach oxygen saturation after 4.1 hours. e time to reach oxygen saturation will be proportion to the β-CD concentration when β-CD concentration is lower than 0.1% (w/v). However, when β-CD concentration is higher than 0.1% (w/v), it will take 5 hours to get oxygen saturation (Figure 4) . is tendency agreed with the relationship between β-CD concentration and viscosity (Figure 3) . Perhaps the increased viscosity increased the surface tension of the distilled water, reducing the rate of di usion at the airaqueous interface, but not altering the solubility of oxygen in the solutions. is is the rst report on the e ect of β-CD on dissolved oxygen in distilled water.
After understanding how β-CD a ects dissolved oxygen in distilled water, its e ects on tea infusion have also been analyzed.
e dissolved oxygen in control tea infusion reached its maximum level of 0.333 mol/ml within 30 minutes and then decreased sharply, to almost zero, after an hour ( Figure 5 ). e maximum dissolved oxygen in tea infusion extracted with β-CD was 0.036 μmol/ml, 10-fold lower than control. en, dissolved oxygen levels remained at almost zero during storage. However, the overall levels of oxygen in tea infusion were lower than that in water, suggesting that stored tea consumes oxygen, which would reduce the availability of health e ective components in the tea beverage. is study demonstrated that β-CD blocked oxygen dissolution in tea infusions, which paved the way to promote the quality of stored tea beverage.
ere are headspace oxygen, dissolved oxygen, di use oxygen, and entrapped oxygen in the bottled liquid [22] . is oxygen, especially dissolved oxygen, can accelerate the enzymatic browning, oil oxidation, ascorbic acid degradation, avor deterioration, and antioxidant activity of fruits and vegetables [23] .
Many e orts have been conducted to remove dissolved oxygen during processing and storage of beverage [24] [25] [26] . Deoxidizer and lling nitrogen are widely used to remove oxygen to maintain high quality of tea in the process of processing and storage [27] . However, the e ect of dissolved oxygen on tea beverage has not been reported. Our experimental results demonstrated that due to existing β-CD, 3 it took longer time to get oxygen saturation in distilled water and the maximum dissolved oxygen is much lower in tea infusion compared to those without β-CD. As for the mechanism of this phenomenon, what the speci c e ect on color, aroma, and taste of tea infusion toned to be further investigated in future.
Conclusions
Boiling water extraction is a key processing step for the tea beverages. is work compares the properties of tea made by conventional extraction and extraction in the presence of β-CD. Positive e ects of β-CD on the color quality of tea infusion have been demonstrated in experiments. Addition of 0.05% β-CD during the extraction will result in more chlorophyll dissolved in the tea infusion, which can increase the greenness of the beverage color. Furthermore, the viscosity of the tea infusion has also been increased by adding just 0.05% β-CD. And, for the rst time, the e ects of β-CD on dissolved oxygen content in both distilled water and tea infusion have been investigated and demonstrated in experiments, from which we can observe that the additive β-CD can lower the oxygen solubility ratio in tea infusions e ectively. Together, these data indicate that the addition of the compound β-CD, which is generally recognized as safe for human consumption, will improve storage qualities of processed tea beverages.
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